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ABSTRACT 



















In this paper an attempt has been made to study the heat wave 
/ cold wave and hot / cold days for Bihar region during 46 years of data 
(1969-2014). The representative months have been taken from 
December to February and March to June for cold wave/ cold days and 
hot wave /hot days respectively. The results obtained from decade 
analysis shows that the frequency of the hot wave /hot days increased 
during the last decade (2005 to 2014) almost for all the stations of Bihar 
region. In the similar manner the frequency of the cold wave /cold days 
also increases during last two decades (1995 to 2004 and 2005 to 2014) 
over the region. The gaps in the data of part time observatories have not 
been taken into account in the final decision. 
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I. Introduction 

Bihar state in the eastern part of India is a major agricultural hub from ancient time. The state 
weather or climate is greatly affected by the Himalayas and Ganga plateau. The rise in temperature starts 
from the months of March just after the winter season ends in February. The day to day weather data is 
received in synoptic hours from 4 departmental and 8 part time observatories. Care has been taken to 
maintain the accuracy and reliability of the data of the regular observatories. Part time an observatory 
data is taken every day by meteorological data trend personals but the accuracy /reliability of data is 
affected either in new replacement of the person or faulty instruments. The large data gaps in the data of 
the part time observatories are due to the above said reasons. Some of the observatories are defunct and 
discontinuity in the data series exists. The temperature extremes (hot /cold) affect the agriculture 
production and socio-economic growth of the country. The knowledge of the occurrences of extreme 
temperature events helps in improving the forecasting skill and accuracy of forecasting. This helps to 
understand better disaster management and weather calamities. Various authors (De et al, 2005, Pi et al, 
2004 WMO, 2002, Kalsi and Pareek, 2001, De and Mukhopadhayay, 1998 and Raghavan, 1966) in the 
past studied the effect of heat wave /severe heat waves in different parts of India in general or in 
association with some weather events. In the recent past, the studies have been conducted by several 
meteorologists on extreme cold events (Das & Mamgain, 2011, Raghavan, 1967). 

II. Data and Methodology 

The meteorological data used in the study is taken from National Data Centre (NDC) Pune and 
Meteorological Centre, Patna. The following criteria as per IMD guidelines for heat wave /hot days and 
cold wave /cold day have been used. 

Cold day: When the maximum temperature is less than or equal to 16 Deg C in plains. 

Cold wave: Wind chill factor is taken into account while deciding the cold wave situation. Departure of 
wind chill effective minimum temperature (WCTn) from normal -5^ C to -6^ C where normal minimum 
temperature > 10 Deg C or -4° C to -5^ C, in case normal minimum temperature is <10 Deg C. Also cold 
wave is declared when WCTn is < 0° C irrespective of the minimum temperature of the stations. Severe 
cold wave conditions persists if the departure from normal is >-6^ C ( Tmin >10 ^C) or > -5 ^C. ( Tmin <10 
OC). 

Hot day: Whenever the maximum temperature remains 40 ^C or more and minimum remains 5 ^C or more 
above normal, provided it is not satisfying the heat wave criteria. 

Heat wave /severe heat wave: Departure +4 to +5 ^c, when normal maximum temperature of the 
station is >40 ^C and +5 ^C to + 6 ^C in case of normal maximum temperature of the station is <40 ^C.and 
for severe heat wave one degree centigrade or more for above said criteria. If the actual maximum 
temperature (Tmax) > 45 ^C, then heat wave is declared irrespective of normal Tmax. 

III. Results and Discussion 

Heat wave or cold wave conditions affect the lives of the people over the area. Extreme positive 
(negative) departure from normal temperature results heat wave (cold wave) during summer (winter) 
months of the year. The rising temperature over Bihar region starts during pre -monsoon season and 
often continues till June. Similarly, cold conditions starts affecting Bihar from December months and 
often continues till February. The observational data from eight places (Patna, Gaya, Bhagalpur, Purnea, 
Supaul, Chapra, Dehri and Muzaffarpur) have been utilized for the present work. The results obtained 
from the study are shown in figures 1 (a-h) & 2(a-h) for cold wave and heat wave respectively. It may be 
seen that the number of events both heat and cold wave are increasing in last two decades. The 
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frequencies of heat /cold days or waves are different in North (Purnea, Supaul, Muzaffarpur), South (Gaya, 
Patna, Dehri), East (Bhagalpur) and West Bihar (Muzaffarpur). The temperature during summer and 
winter is influenced by transient disturbances in mid -latitude westerlies called western disturbances 
along with regional changes. The details distribution of heat /cold days or wave brought out from the 
study have been given in Tables 1 (a,b), 2 (a -d). The frequencies of each year are different depending on 
the weather systems affected over the area and it was very difficult to decide the trend of events on yearly 
basis. So, decade analysis of eight places of Bihar is done and results have been given in Tables 3 (a-c) 
and figures 3 (a,b). It has been brought out from the analysis that the heat wave conditions that occurred 
on eight places over Bihar showing increasing trend in last decade (2005-2014). Similarly, cold wave 
conditions have also been increased during last two decades (1995-2004 & 2005-2014). Observational 
data analysis have shown that cold days for Patna and Gaya increasing trend, figs l(a,b) in comparison to 
Bhagalpur, Supaul, Chapra and Pumea, districts. In some places the change is asymmetric rather than 
systematic increase or decrease, figs 1, 2 (a-h). 

IV. Concluding REMARKS 

Extreme weather and its impact on socio-economic conditions are well known from ancient times. In 
recent decades the frequencies of heat/ cold days or waves have changed and more vulnerable due to the 
rapid alteration of the natural resources and urbanization. The following points have been highlighted 
from the study: f" ^ 

1. Frequency of heat wave /days have shown increasing trend over Bihar region during last decade 
(2005-2014) 

2. Frequency of cold wave /days have also shown increasing trend over ihar region during last two 
decades (1995-2004 and 2005-2014). 

3. The present study is helpful to understand better the occurrences of temperature extremes over the 



region. 
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Figure 1 (a) : Cold day for Patna 
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Figure 1 (b): Cold day for Gaya 
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Figure 1 (c): Cold day for Bhagalpur 
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Figure 1 (d): Cold day for Purnea 
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Figure 1 (e): Cold day for Supaul 
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Figure 1 (f): Cold day for Chapra 
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Figure 1 (g): Cold day for Muzaffarpur 
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Figure 1 (h): Cold day for Dehri 
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Figure 2 (a): Hot day for Patna 
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Figure 2 (b): Hot day for Gaya 
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Figure 2 (c): Hot day for Bhagalpur 
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Figure 2 (d): Hot days for Purnea 
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Figure 2 (e): Hot days for Supaul 
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Figure 2 (f); Hot days for Chapra 
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Figure 2 (g): Hot days for Dehri 
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Figure 2 (h): Hot days for Muzaffarpur 
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Figure 3 (a) : Decadal frequency of heat wave over Bihar region 
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Figure 3 (b): Decadal frequency of cold wave over Bihar region 
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Table 1 (a): Number of hot days (HD) and cold days (CD) over Bihar region 
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Table 1 (b): Number of hot days (HD) and cold days (CD) over Bihar region 
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0 




6 








1 


5 




1 QQ1 


0 




0 








1 






1 QQ9 


0 




4 








3 


3 




A. J J kJ 


0 




0 








1 


1 




1 QQ4 


0 




10 








22 






A. J J \J 


0 












7 


1 






0 












1 1 






1 QQ7 

A. J J 1 


0 














3 




A.ZfZfKD 


0 


















1999 


0 




1 










6 




2000 


0 




17 










4 




2001 


0 




7 










2 




2002 


0 




16 








2 






2003 


0 




24 


6 






2 


18 




2004 


0 




21 


1 






4 


9 




2005 


0 












17 


1 




2006 


0 












3 


1 




2007 


0 












4 


2 




2008 


0 


















2009 


0 












10 


1 




2010 


0 


















2011 


1 


12 










11 






2012 


0 


10 






3 


1 


22 






2013 


1 


10 


17 


1 


2 


5 


21 


2 




2014 


1 


6 


22 


5 


4 


4 


23 


6 




2015 




6 




1 




5 




3 
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Table 2 (a): Number of heat wave (HW), severe heat wave (SHW) and cold wave (CW) and severe cold 

wave (SCW) over Bihar region 



Year 


No of 


No of 


No of 


No of 


No of 


No of 


No of 


No of 






days 


days 


days 


days 


days 


days 


days 


days 






(HW) 


(SHW) 


(CW) 


(SCW) 


(HW) 


(SHW) 


(CW) 


(SCW) 






Patna 


Patna 


Gaya 


Gaya 








1 1 

± ± 




0 


1 K 

L O 


1 

L 


1 6 


1 

± 






07 


O 


1 4 


0 


1 1 


1 


1 9 


9 




1 Q7 1 


0 


0 


1 4 


1 

± 




0 


1 1 


0 




1 Q70 


9 1 




1 7 


1 

± 






1 


9 




1 QV^ 


9 


0 


o 


0 


1 1 

± ± 


0 


w 


0 






15 


4 


1 1 


3 


14 


0 


1 1 


5 




1 Q7^ 


9'^ 


vj 


7 


9 


1 S 


0 


1 4 


1 






o 


0 


o 


0 




0 


O 


0 




1 Q77 


o 


0 




0 


7 


0 


(S 

vJ 


0 




J. 37 / O 


9 


1 


o 


0 


9 


0 




0 




1 QVQ 

i 37 / ^7 


1 4 


4 


vJ 


1 


7 


9 


o 


1 

± 




i 370U 


1 


7 




0 


99 


0 




1 

± 




1 1 

i 370 i 


o 


9 




0 


o 


0 




0 








9 


1 9 


9 


1 


o 


1 


0 




i 370O 


o 


vJ 


1 4 


0 


Q 

37 


0 


w 


0 




i 370H- 


1 0 


4 






1 4 


0 


VJ 


1 

J. 




1 QR^ 

i 3700 


vJ 


1 


1 


0 


1 s 


1 


0 


0 




1 QR^ 


Q 
o 


9 


1 

L 


0 


Q 

37 


0 


9 


0 




1 QRV 

i 370 / 




1 

X 


1 

± 


0 


1 9 


Q 
o 


Q 
o 


0 




1 QRR 

i 3700 


7 


0 


4 


Q 
o 


Q 

vJ 


9 


9 


0 




1 QRQ 

i 37037 


1 9 


1 

± 




0 


4 


0 


90 


1 

± 




1 QQH 


1 


0 


1 


0 


4 


0 


u 


1 

± 




1 QQ 1 

i 37 37 i 


Q 


1 

X 


9 


0 


vJ 


1 

± 


1 0 


1 

± 




1 QQO 


99 


Q 
o 


1 0 


0 


Q 

37 


4 


1 1 

± L 


0 






1 fS 


0 


fS 


0 


fS 

w 


0 


7 


0 




1 QQZL 


» 


1 

J. 


« 

O 


4 


O 


1 

J. 


4 


0 




1 QQ^ 


J. VJ 


1 1 

J. J. 


4 


1 

J. 


1 1 


4 


Q 


o 




1 QQ^ 


J. o 


4 


9 


0 


O 


0 


1 9 


1 

J. 




1 QQ7 

i 37 37 / 


Q 

3/ 


4 


1 

J. 


0 


7 


0 


1 1 

± J. 


1 

J. 






« 


« 

o 


1 

X 


0 


1 9 


0 


O 


0 




1 QQQ 


1 0 


4 


9 


0 


1 9 


0 


1 1 


0 






o 


1 

X 


o 


0 


9 


0 


9 


o 






3 


1 


9 


1 


5 


0 


3 


1 






3 


0 


10 


4 


7 


0 


1 


0 






7 


0 


14 


5 


10 


0 


0 


5 






8 


6 


7 


0 


8 


0 


2 


0 




900S 


14 


10 


4 


0 


15 


8 


4 


0 




2006 


13 


1 


2 


0 


6 


0 


4 


0 




2007 


7 


0 


4 


0 


3 


0 


12 


0 




2008 


6 


0 


4 


0 


10 


0 


9 


0 




2009 


14 


5 


2 


0 


20 


2 


3 


1 




2010 


1 


3 


1 


0 


2 


0 


7 


1 




2011 


6 


5 


9 


2 


9 


3 


16 


4 




2012 


17 


14 


3 


1 


15 


10 


10 


0 




2013 


6 


0 


11 


1 


6 


0 


9 


4 




2014 


22 


1 


6 


2 


11 


0 


18 


0 
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Table 2 (b): Number of heat wave (HW), severe heat wave (SHW) and cold wave (CW) and severe cold 

wave (SCW) over Bihar region 



Year 


No of 


No of 


No of 


No of 


No of 


No of 


No of 


No of 






days 


days 


days 


days 


days 


days 


days 


days 






(HW) 


(SHW) 


(CW) 


(SCW) 


(HW) 


(SHW) 


(CW) 


(SCW) 






Bhagalpur 


Bhagalpur 


Purnea 


Purnea 






7 


1 


4 


1 


1 

L 


«J 


9 


9 






Q 

37 


O 


0 


0 


9 


9 








1 Q7 1 


0 


0 


O 


0 


0 

VJ 


0 

VJ 








1 Q70 


1 4 


9 


vj 


0 


9 


1 1 








1 QV^ 


1 0 


0 


9 


0 


VJ 


4 


9 


1 

± 






8 


0 


4 


1 


1 


0 


3 


2 




1 Q7^ 




0 


9 


0 


1 


0 

VJ 


«j 


1 






9 


0 


1 


0 


1 


1 


4 


0 

VJ 




1 Q77 


4 


0 


9 


0 


1 


0 

VJ 


7 


0 

VJ 




J. 37 / O 


1 


0 




0 


0 

VJ 


1 


VJ 


0 

VJ 




1 QVQ 

i 37 / ^7 


1 4 


1 


0 


0 


VJ 


1 4 


VJ 


0 

VJ 




i 370U 


1 9 




0 


0 


o 




9 


0 




1 1 

i 370 i 


7 


4 


0 


0 


0 

VJ 


0 

VJ 




0 

VJ 






1 S 


1 1 


0 


0 


1 


o 


4 


1 




i 370O 


1 9 


o 


Q 

37 


1 


4 


0 

VJ 




4 




i 370n^ 


1 

1 o 


1 

1 


o 


o 


o 

VJ 


o 

VJ 


9 


o 

VJ 




i 3700 


o 


1 


0 


0 

VJ 


1 


o 


0 

VJ 


0 

VJ 




1 QR^ 


Q 


0 


Q 
o 


0 

VJ 


1 

± 


1 

± 


0 

VJ 


0 

VJ 




1 QRV 

i 370 / 


1 7 


0 


1 

± 


0 

VJ 


1 

i. 


0 

VJ 


0 

VJ 


0 

VJ 




i 3700 


1 4 


4 


1 

± 


0 

VJ 


7 


0 

VJ 


Q 
o 


0 

VJ 




1 QRQ 

i 37037 


Q 
o 


1 

± 


7 


1 

± 


K 


1 0 

± VJ 


Q 
o 


0 

VJ 




1 QQH 


u 


0 


u 


7 


1 

A. 


0 

VJ 


«j 


0 

VJ 




1 QQ 1 

i 37 37 i 


4 


0 


0 


0 

VJ 


1 

± 


9 


4 


0 

VJ 




1 QQO 


1 


1 

L 


0 


0 

VJ 


VJ 


Q 
o 


0 

VJ 


0 

VJ 






o 


0 


0 


0 


0 

\J 


0 


Q 
J 


1 




1 QQZL 


Q 

Zf 


o 


0 


0 


4 


«J 


1 1 

J. J. 


9 




1 QQ^ 


1 4 


4 


9 


1 

J. 


o 


1 1 


1 






1 QQ^ 


1 S 


1 

± 


0 


0 

\J 


7 


o 


0 






1 QQ7 

i 37 37 / 


1 4 


1 

J- 


1 

J. 


0 


0 
\j 


0 










1 9 


fS 

w 


o 


0 


0 

\J 


« 

o 


4 






1 QQQ 


J. w 


0 




0 


o 


9 


o 








O 


1 


9 


0 


0 

\J 


o 


0 








3 


0 


3 


0 


2 


3 


0 








1 


0 


1 


0 


0 


1 


0 








2 


1 


2 


12 


0 


1 


4 








4 


3 


0 


0 


0 


1 


0 






900S 


13 


2 


0 


0 


0 


2 


0 






2006 


5 


0 


0 


0 


1 


1 


0 






2007 


2 


1 


0 


0 


1 


7 


0 






2008 


4 


0 


0 


0 


1 


0 


2 






2009 


10 


0 


0 


1 


5 


3 


1 


0 




2010 


1 


0 


0 


0 


0 


0 


0 


0 




2011 


3 


2 


20 


12 


2 


4 


4 


0 




2012 


13 


1 


8 


2 


4 


8 


3 


0 




2013 


2 


0 


14 


7 


2 


0 


5 


0 




2014 


10 


1 


0 


16 


3 


12 


1 


0 
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Table 2 (c): Number of heat wave (HW), severe heat wave (SHW) and cold wave (CW) and severe cold 

wave (SCW) over Bihar region 



Year 


No of 


No of 


No of 


No of 


No of 


No of 


No of 


No of 






days 


days 


days 


days 


days 


days 


days 


days 






(HW) 


(SHW) 


(CW) 


(SCW) 


(HW) 


(SHW) 


(CW) 


(SCW) 






Chapra 


Chapra 


Dehri 


Dehri 








1 


o 


1 

A. 


1 S 


w 


0 

VJ 


0 

VJ 






1 0 


4 


o 


0 




o 


0 

VJ 


0 

VJ 




1 Q7 1 


0 


0 


1 


0 


0 


0 


0 

VJ 


0 

VJ 




1 Q70 


1 s 


vj 


7 


0 


1 1 

A. A. 


4 


0 

VJ 


0 

VJ 




1 QV^ 


1 0 


1 


1 


0 


1 0 




0 

VJ 


0 

VJ 






1 1 


0 


6 


1 


19 


7 


5 


3 




1 Q7^ 


Q 

37 


0 


9 


0 


4 


9 


VJ 


«J 






0 


0 


1 


0 


9 


9 




4 




1 Q77 


O 


0 


9 


0 


1 0 


4 


o 






J. 37 / O 


0 


0 


0 


0 


1 9 


1 


VJ 


0 

VJ 




1 QVQ 

i 37 / ^7 


7 


0 


1 


0 


1 7 


Q 

37 


0 

VJ 


0 

VJ 




i 370U 


Q 

37 


vJ 


9 


0 


1 1 

A. A. 




1 


0 

VJ 




1 1 

i 370 i 


0 


0 


0 


0 


1 7 


1 1 


0 

VJ 


0 

VJ 






O 


9 


1 


0 


1 0 


o 


0 

VJ 


0 

VJ 




i 3700 




0 


o 


0 


ft 


4 


0 

VJ 


1 

J. 




i 370H- 


Q 
O 


o 


1 

1 


4 


Q 

37 


o 


7 


f% 

KJ 




i 3700 


o 


1 


4 


0 




1 

A. 


Q 

37 


«J 




1 QR^ 


1 1 

J. J. 


0 


1 

L 


0 


7 


Q 
o 


7 


Q 
o 




1 QRV 

i 370 / 


1 9 


K 

vJ 


Q 

vJ 


1 

± 


99 


Q 

37 


Q 
o 


4 




i 3700 


9 


0 


0 


0 


1 Q 

± 37 


Q 

vJ 


Q 
o 


Q 
o 




1 QRQ 

i 37037 








0 




1 

± 


4 


VJ 




1 QQH 








0 


Q 
o 


0 

VJ 


Q 
o 


4 




1 QQ 1 

i 37 37 i 








0 


7 


Q 

vJ 


7 


KJ 




1 QQO 






1 

± 


0 


1 4 


Q 
o 


Q 
o 


Q 
o 










Q 


1 0 

J- w 


1 9 


«J 


0 


9 




1 QQZL 






0 


0 


1 

A. 


0 


0 


0 




1 QQ^ 


J. VJ 




9 

z, 


1 

J. 


0 


0 


0 

\J 






1 QQ^ 


1 9 


0 




0 


0 


0 


0 






1 QQ7 

i 37 37 / 










0 


0 


0 
















0 


0 

\J 


KJ 






1 QQQ 










7 


1 


0 
















1 9 

± z, 


7 


0 
















9 


0 


0 
















12 


8 


0 
















16 


9 


5 


3 














13 


12 


3 






900S 




















2006 




















2007 




















2008 




















2009 




















2010 




















2011 


6 


6 


18 


15 












2012 


19 


9 


14 


9 






4 


3 




2013 


2 


0 


6 


14 


12 


7 


6 


3 




2014 


15 


0 


17 


2 


16 


8 


5 


2 
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Table 2 (d): Number of heat wave (HW), severe heat wave (SHW) and cold wave (CW) and severe cold 

wave (SCW) over Bihar region 



Year 


No of 


No of 


No of 


No of 


No of 


No of 


No of 


No of 






days 


days 


days 


days 


days 


days 


days 


days 






(HW) 


(SHW) 


(CW) 


(SCW) 


(HW) 


(SHW) 


(CW) 


(SCW) 






Muzaffarpur 


Muzaffarpur 


Supaul 


Supaul 






7 


4 


1 4 

J. 


9 


o 


4 


9 
z, 


1 

J. 






vJ 






1 


0 


0 

VJ 


4 


0 

VJ 




1 Q7 1 


0 


0 




1 

L 


0 


0 

VJ 


7 


0 

VJ 




1 Q70 




1 9 


4 


0 


4 




«j 


9 
z, 




1 QV^ 


0 


0 


1 


0 


7 


9 
z, 


1 

J. 


1 

J. 






10 


3 


1 


0 


1 


0 


6 


0 




1 Q7^ 


0 


0 


0 


0 


0 


0 

VJ 


o 


«J 






0 


0 


0 


0 


0 


0 

VJ 


Q 

37 


9 
z, 




1 QW 


0 


0 


0 


0 


0 


0 

VJ 


o 


0 

VJ 




J. 37 / O 


0 


0 


0 


0 


0 


1 

J. 


1 

J. 


9 
z, 




1 QVQ 

i 37 / ^7 


o 


1 


0 


0 


1 0 


4 


9 
z, 


0 

VJ 




i 370U 


vJ 




0 


0 


1 


0 


\ 


0 




1 1 

i 370 i 


0 


o 


0 


0 


1 


0 

VJ 


0 

VJ 


1 

J. 






VJ 


o 


4 


1 


Q 

37 




9 
z, 


0 

VJ 




i 3700 


9 


4 


1 1 


9 


0 


0 

VJ 


o 


0 

VJ 




i 370n^ 


9 


o 


1 9 


9 


o 


o 

VJ 


4 


o 

VJ 




i 3700 


0 


0 


0 


0 




1 

J. 


0 

VJ 


0 

VJ 




1 QR^ 

i 37O0 


0 


0 


9 


0 












1 QRV 

i 370 / 


u 


Q 
o 


0 


0 












i 3700 


u 


0 


9 


0 












1 QRQ 

i 37037 


Q 
o 


4 


1 4 


Q 
o 












1 QQH 


9 


0 


7 


0 












1 QQ 1 

i 37 37 i 


9 


0 


1 

± 


0 












1 QQO 


Q 


0 


o 


1 

L 












i 37 37 vJ 


0 


0 


o 


1 

J. 












1 QQZL 


vJ 


4 


o 


0 












1 QQ^ 


Q 


J. o 


Q 


0 












1 QQ^ 


0 


0 


0 


0 












1 QQ7 

i 37 37 / 


4 


4 


0 


0 














0 


0 


0 


0 












1 QQQ 


« 

o 


1 0 

J. w 


9 


0 














1 


0 


9 


0 














0 


\ 


5 


9 














2 


0 


0 


0 














1 


0 


16 


9 














0 


3 


11 


2 












900S 


12 


8 


0 


0 












2006 


3 


1 


1 


0 












2007 


3 


2 


0 


0 












2008 


0 


0 


0 


1 












2009 


10 


4 


1 


0 












2010 


0 


3 


4 


0 






7 


3 




2011 


6 


9 


9 


1 


2 


4 


4 


1 




2012 


16 


11 


7 


4 


2 


3 


2 


6 




2013 


13 


9 


6 


3 


2 


1 


8 


5 




2014 


17 


9 


1 


0 


4 


10 


8 


2 
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Table 3 (a): Decadal frequency of day hot and day cold over Bihar region 







Patna 


Gay 3. 


RVi p CP 1 m 1 V 

J-JllCtgd-l 




V_^llCl.j-/l cx 


Dehri 




A/Ti 1 7 Pi ffpi mi 1 r 


Hot 
days 


Dl 


9 


32 


18 


26 


7 


1 14 


16 


9 


D2 


1 


25 


11 


14 


0 


60 


3 


32 


D3 


2 


42 


50 


34 


0 


86 


0 


26 


D4 


4 


39 


50 


32 


3 


39 


9 


111 




decade 


Patna 


Gaya 


Bhagalpur 


Pumea 


Chapra 


Dehri 


Supaul 


Muzaffarpur 


Cold 
days 


Dl 


13 


3 


0 


3 


15 


1 


4 


9 


D2 


14 


2 


0 


1 


1 


0 


0 


13 


D3 


44 


23 


45 


23 


0 


7 


0 


43 


D4 


35 


13 


33 


21 


38 


6 


10 


13 



Table 3 (b): Decadal frequency of heat wave and cold wave over Bihar region 





decade 


Patna 
(HW) 


Gaya 
(SHW) 


Patna 
(CW) 


Patna 
(SCW) 


Gaya 
(HW) 


Gaya 
(SHW) 


Gaya 
(CW) 


Gaya 
(SCW) 


days 


Dl 


95 


30 


73 


10 


85 


10 


48 


4 


D2 


107 


10 


47 


7 


71 


17 


65 


3 


D3 


80 


39 


58 


11 


82 


4 


54 


14 


D4 


106 


39 


46 


6 


97 


23 


92 


10 




decade 


Bhaga 

Ipur 

(HW) 


Bhaga 

Ipur 

(SHW) 




Bhagal 

pur 

(SCW) 




Purne 
a 

(SHW) 








Bhagalp 
ur (CW) 


Purne 
a(HW) 


Purne 
a(CW) 


Purnea 
(SCW) 


days 


Dl 


86 


30 


19 


1 




17 


25 


42 


6 






D2 


96 


10 


47 


7 


71 


17 


65 


3 


D3 


84 


39 


58 


11 


82 


4 


54 


14 


D4 


63 


39 


46 


6 


97 


23 


92 


10 




decade 


Chapr 
a (HW) 


Chapr 

a(SH 

W) 


Chapra 
(CW) 


Chapr 
a 

(SCW) 


Dehri 
(HW) 


Dehri 
(SHW) 


Dehri 
(CW) 


Dehri 
(SCW) 


days 


Dl 


39 


5 


13 


4 


100 


47 


36 


19 


D2 


33 


6 


18 


11 


101 


33 


49 


36 


D3 


28 


5 


8 


1 


69 


37 


14 


3 


D4 


42 


39 


46 


6 


97 


23 


92 


10 




decade 


Muzaff 

arpur 

(HW) 


Muzaf 
farpur 
(SHW) 


Muzaffar 
pur (CW) 


Muzaff 

arpur 

(SCW) 


Supau 
1 (HW) 


Supau 
1 

(SHW) 


Supau 
1 (CW) 


Supaul 
(SCW) 


days 


Dl 


19 


12 


27 


5 


21 


8 


38 


10 


D2 


36 


11 


35 


5 










D3 


25 


36 


45 


13 










D4 


80 


56 


29 


9 


10 


18 


22 


14 
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Table 3 (c): Decadal frequency of heat wave and cold wave (normal + severe) over Bihar region 





decade 


Patna 


Patna 


Gaya 
\^) 


Gaya 


Bhagal 
pur (hi) 


Bhaga 
Ipur 


Purne 
a 


Purne a 


days 


1 


1 








i i o 


on 




A9 
H-O 




1 1 7 


OH- 


OO 


f^9 
OO 


1 n^^ 
i uo 




99 
OO 


OO 


LJyJ 


1 1 Q 


KJZf 


Rf\ 
ou 




J. 








D4 


145 


52 


120 


102 


102 


52 


120 


102 




decade 


Chapr 
a(H) 


Chapr 
a(C) 


Dehri 
(H) 


Dehri 
(C) 


Muzaff 
arpur 
(H) 


Muzaf 
farpur 
(C) 


Supau 
1 

(H) 


Supaul 
(C) 


days 


Dl 


44 


17 


147 


55 


31 


32 


29 


48 


D2 


39 


29 


134 


85 


47 


40 






D3 


33 


9 


106 


17 


61 


58 






D4 


81 


52 


120 


102 


136 


38 


30 


46 
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